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tRESEARCH & TECHNOLOGYI

Occurrence and Significance
of C ,ptospofidium in Water
Joa  B. Rose

Three outbreaks ofvraterbome disease have been attributed to Cryptosporidiurn--two linkedwhich the parasite was isolated.4 It
to drinking water and a third to surface water--yet the risk of waterborne diseaseis unknownbecame apparent, however, tha~ many
because many factors may contribute to transmission. Of 107 surface water samples collectedmammalian isolates were able to cause
in six western states, 77 were positive for the presence of Cryptospoddiurn oocysts. A highinfection in other mammals.
count was found in raw sewage (1,732 oocysts/L), whereas low counts were found in watersLevine4 suggested four species desig-
without waste discharges (0.04 oocysts/L). 07~tosporidiurn has also been detected innations corresponding to isolates from
drinking water. Little information is available, however, on oo~st survivalin the environmentmammals, birds, reptiles, and fish. This
or during sewage and drinking water treatment processes. Further research is necessary toclassification has not been validated.
define the variables that will influence the possible presence of infectious oocysts in water. ItFour species are recognized, however--
hasbeensuggestedthattheepidemiologyandtransmissionofOyptosporidiumaresimilartoC. parvurn and C. rnuris,s found in
Giardia. Based on environmental occurrence, the risk of Cryptosporidium transmission by themammals, and C. baileyi and C. rnele-
water route may be equal to or greater than that of Giardia. agridis,6 found in birds. Cryptosporidiurn

parvurn is the major species responsible
Cryptosporidiurn has recently been been placedinthephylumApicornplexa, for clinical illness in humans and

recognized as an important microbialtheorder Eucoccidioridia, and the familyanimals.7 A distinct isolate associated
contaminant of water,! but its potential Cryptosporidiiae.2 Cryptosporidiurn waswith adult cattle has recently been de-
for transmission remains unknown. Tofirst described in 1907 by Tyzzer3 asscribed by Anderson.8 Little is known
adequately address the risk of water-found in the gastric mucosa of mice.about its taxonomy or host specificity.
borne transmission and waterborneMany species were identified and differ- ,Two aspects of the taxonomy and life
disease, it is necessary to know (1) whatentiated taxonomically by the host fromcycle of Cryptosporidium enhance the
the exposure through water is and (2)
what disease manifestations occur at

TrophozoRethese levels of exposure.
During the last five years, a tre-

mendous amount of research has been
published on Cryptosporidium. Relevant
to the occurrence and significance of
Cryptosporidium in water are (1) specific Excy,,...o t_ ryp., ....., -_~
features of the organism that enhance
its potential for transmission by water,
(2) documentation of waterborne out- I
breaks, (3) methods for recovery and
detection of Cryptosporidium in water,
(4) data on occurrence in water, and (5) .0.. ~o~y
the ability of the organism to survive in ,.~.~,,o
water and water treatment processes.
This article reviews literature that
pertains to the transmission of Crypto.
sporidiurn by water and presents original
data on the occurrence of Cryptosporid-
iurn in waters in the western United Type II meron!

States.

Taxonomy and life cycle Macrog
of ,Cryptosporidium

Figure 1, Life cycle of Cryptosporidiu rn (this drawing was originally published by the
Cryptosporidium is taxonomically de- American Society for Microbiology in Microbiological Reviews, 50:458 [1986J)

scribed as a coccidian protozoan. It has
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possibility of waterborne transmission.
TABLE 1First, a single species may be responsible Recovery efficienciesfor Cryptosporidiurnfrora various waters

for much of the diarrheal illness in
mammals, including humans. Second, Seed Volume Seed Level Type of Percent Recoveries
an environmentally stable oocyst is ex- Study L per L Water Ranges Averages
creted in the feces of infected individuals. Ongerth and Stibbsh9 7-20 10~-10~ River 5-22 9.5

.The organism appears to be ubiqui- Musial etaP8 378 0.2-2.6 Tap water 9-29 17.4
tous. It is found in both domestic animals Rose et a141 378 10~ Tap water 25-80 59
(cattle, sheep, swine, goats, dogs, andRose et aPt 378 0.4 Tap water 31-42 36

cats) and wild animals (deer, raccoon,
Rose et al4~ 378 10~ Effluent Not reported 20

foxes, coyotes, beavers, muskrats, rab-
bits, and squirrels)? Fayer and Ungar9 TABLE 3
have recently reviewed the cross-trans- Cryptosporidium oocyst concentrations in environmental samples
mission studies on Cryptosporidium. Nmnberof Number Oocyst/L
Most significant are the data indicating State Type of Water Saraples Positive Average
that isolates from cats, cattle, and pigs Arizona Treated effluent 20 15 ¯ 489
are able to initiate infection in humans. ~w sewage 5 5 1,732
Conversely, human isolates have pro- Streams* 9 8 18
duced infection in cats, dogs, cattle, California Streams 3 1 0.04

?.olorado River* 2 2 0.12
goats, sheep, pigs, mice, and rats. AI- Treated effluent 2 2 4.0

_..: though Cryptosporidium infections may 9regon Streams 6 5 0.05
’ .=:A:~.=~,’~ be common in bird populations, isolates texas Reservoirs* 6 6 1.1

Raw sewage 6 4 4.1:~~’~~ from birds, chickens, and turkeys have
Utah Lakes and streams* 48 34 8.9~ produced Total 107 82not infectionsin mammals)

The C. baileyi found in. birds may not be
. a major source for human infections, yet

*Receiving sewage discharges

it is uncertain whether the same is true
for C. meleagridis. mitted through the water route. It is notsporidium has become problematic in

Cryptosporidium in humans, like manyknown how significant this route ofday-care centers. Person-to-person trans-
other important waterborne pathogens,transmission is in comparison to othermission has been documented in day-
completes its life cycle in the gastroin-, possible paths, such as person to person,care centers~0,~ and in hospitals~,~s and
testinal tract. Because it is an obligateIn more than 50 percent of the water-may play a major role in the spread of
parasite, it can replicate only within itsborne outbreaks in the United States, andisease.
host. It is different from other entericetiologic agent was not identified.~° Cryptosporidium is considered a pri-
protozoa, such as Giardia,in morphologyCryptosporidium may have been re-mary pathogen. Current~ has speculated,
and life cycle. The life cycle of C. parvumsponsible for some of these outbreaks,however, that the virulence of isolates
begins with ingestion of the infectiousyet may have gone unrecognized. Studiesmayvary.Thatis, Cryptosporidiumfrom
stage--the oocyst--which releases fouron waterborne outbreaks can providedifferent sources may vary in its capacity
sporozoites after excystation. This stage"valuable information on sources of con-to cause infection and disease, depending
initiates infection within the epithelialtamination and the reliability of wateron its virulence. Other investigators
cells of the gastrointestinal tract. Thetreatment processes. In addition, infor-have also suggested a similar varia-
sporozoite differentiates into the tropho-mation on disease in populations, othertion.2~s A second factor that will play a
zoite, which undergoes asexual multipli-transmission routes, and infectious doserole in the initiation of disease is the
cation to form type I meronts and thenwill help define the epidemiology ofinfectious dose, which has not been well-
merozoites, which may infect new hostwaterborne cryptosporidiosis, defined for Cryptosporidium. Ernest et
cells. Merozoites from type II meronts Cryptosporldium was first recognizedaF~ reported 22 percent infection with
produce microgametocytes and macro-as a pathogen during an outbreak of100 oocyst inoculum in mice. Miller et

¯ ¯:~ gametocytes, which undergo sexualdiarrheain a turkey flockin 1955,n afteraW presented data that indicated as few
’ .:~:,;:~. reproduction to form the oocyst, whichwhich it was identified as an infectiousas 10 oocysts could initiate infection in
"o..:.=.~.’" is then excreted in the feces (Figure 1).9agent in cattle and sheep. ~2-~7 Serologicalprimates. The ability of an organism to

~
The oocysts are immediately infectivestudies indicate widespread infection incause infection at low levels of exposure

~’~ upon excretion, calves; neonates are most susceptible,enhances the potential for waterborne
:’:~:!:~::i It appears that C. parvum is the majorwith significant morbidityand mortality, transmission. Preliminary results sug-
.,. speciesofconcerncausingillnessinbothZoonotic transmission has been docu-gest that Cryptosporidium may have a

humans and animals.7 Many mammalsmented as previously described; how-low infectious dose.
may serve as reservoirs of infection forever, this may not be a major trans- The role of Cryptosporidium as a cause
humans.7 This cross-species transmis-mission route) of travelers’ diarrhea has implicated
sion increases the potential for water- Inhumans, Cryptosporidiuminfections transmission through contaminated wa-
borne disease because animals, in addi-were first identified with immunocom-ter38,~9 No definitive proof has been pro-
tion to humans, may also contaminatepromised individuals~S and were broughtvided,, yet Cryptosporidium infections
water sources. The most significantto the attention of the medical com-were related to infections of other water-
factor influencing the potential for wa-munity with the occurrence of acquiredborne pathogens such as Giardia. AI-
terborne transmission of Cryptosporid-immune deficiency syndrome (AIDS).~9though speculative, illness in Caribbean
ium, however, is the fecal-oral route ofCryptosporidium has now been identified tourists was associated statistically with
transmission from host to host by itsin diarrheal specimens from immuno-the consumption of tap water.
environmentally stable oocyst, competent individuals ranging from a Two waterborne outbreaks caused by

Waterborne epidemiology 0.12 to 23 percent prevalence) In Norththe contamination of drinking water by
America, Cryptosporidium has been foundCryptosporidium have been documented.

of Cryptosporidium in 0.6 to 4.3 percent of the diarrhealThe first was a result of a sewage-
Cryptosporidium is responsible forcases. Children under two years of agecontaminated well)° The well was chlo-

diarrheal disease and has been trans-may be the most susceptible, and Crypto-rinated, although no residuals were
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TABLE 2 evaluate the exposure by defining the
Summary of previous reports of Cryptosporidium oocysts in sewage and various waters*occurrence of CryPtosporidium in water.

Number of Oocysts/L Recovery and detection m~tl~bds
~-" Water Source Samples Range Average Reference for Cryptosporldium oocysts in water
-- Arizona To determine the occurrence of Cryp.Effluent 2 5-17 11~" 40Raw sewage 4 850-13,700 6,180 45 tospor~dium in environmental samples,

Effluent 11 4-3,960 1,063 45 the oocysts must be recovered an~i
Surface waters 6 0.8-5,800 1,920 45 detected. Methods for environmental

__
Washington

samples evolved partially from thoseSurface waters 11 2-112 25-~ . 39 used for Giardia and from those used in
*Arithmetic means
~’Adjusted values based on recoveries the clinical laboratory. This has included

~ a combination of density gradients and
TABLE 4 flotations to concentrate and clarify the

__ OccurrenceofCryPtosporidiumoocystsinvariouswatersthroughoutthewestern United Statessample35 and antibodies specific to the
Number of oocyst wall for detection using immuno-

fluorescent techniques.3~-~sNumber of Samples Percent
In water samples, the concern is beingWater Sampled Samples Positive Positive Oocysts/L*

Raw sewage 11 10 91 28.4 able to detect low concentrations of
Treated sewage~" 22 20 9! 17 oocysts in large volumes of water. Two
Reservoir, lake 32 24 75 0.91 similar systems have evolved that relyStream, river 58 45 77 0.94 on concentration of the oocysts fromFiltered drinking water 10 2 2O 0.001 water using filters. The method: de-Nonfiltered drinking water 4 2 50 0.006

__’ *Geometric means veloped by Ongerth and Stibbs39 em-
~’Activated sludge ployed 293-mm polycarbonate membrane

filters. The method consists of first
passing 20 L of water through a 5-~m: in reported. It was suggested that thements this outbreak is available. Futureprefilter. The oocysts were concentrated

~ns- contamination had percolated throughreports detailingthe Carrolltonoutbreakby subsequent passage of the filtrate
~ay- the ground to the well. Oocysts wereof cryptosporidiosis will provide more through a 1.0-gm filter. The oocysts
and found in the stools of those with diarrhea,̄ insight into the waterborne transmissionwere recovered from the polycarbonate
I of and the incidence of illness (117 cases)of Cryptosporidium. filter through the vibration of the in-

was 12 times greater than in the neigh-In New Mexico, 78 cases of crypto-verted membrane in 200 mL of distilled
pri- boring community. The Norwalk virus,sporidiosis were confirmed in 1986water. Thedebris or sediment recovered
:ed, which has been documented in previousthrough laboratory diagnosis of patients was pelleted or concentrated using cen-
tes waterborne disease outbreaks,~ was also ’ with diarrhea34 Seventy-four percent oftrifugation, and the sample was clarified
om found in the diarrheal stools There isthe patients lived in the same county,using a potassium citrate (1.19 g/mL)
:ity some uncertainty regarding the amountand 32 of these individuals were con-density gradient. The samplewasfiltered
ing ~" of illness that could be attributed tosidered household or day-care contactsthrough cellulose nitrate membrane ill-
ors Cryptosporidium. Because sewage wasof the 24 included in the study. Variousters (1.2 ~m) and stained with polyclonal
ria- the source of the contamination, it mightrisk factors were statistically evaluatedantibody tagged with fluorescein isothio-
y a not be too surprising that multipleto determine a possible source of infec-cyanate. The oocysts were detected using
the pathogens were implicated in the out-tion. Drinking untreated surface wateranepifluorescent microscope. The second
ell- break. No oocysts were recovered fromwas found to be associated with illness,method4° used a 10-in. (250-ram) poly-
et the drinking source. However, methodsIn addition, there may have been anpropylene cartridge filter (1.0-um pore
ith for the recovery of oocysts from waterincreased risk of infection from swim-size) for concentrations of the oocysts
et were not well developed at that time. ming in surface waters. This is the firstfrom water. This system has an advan-
ew The second outbreak occurred early inincident for which recreational exposuretage over the polycarbonate system in
in 1987, in Carrollton, Ga., a community ofwas suggested as a transmission route,that it can be easily transported to the
to 16,000 people.3~ The increased incidenceAttendance at a day-care center in whichsamplingsite, and large volumes of water
~re ~of student illness at a university clinicother, children were ill was also con-(100-1,000 gal [378-3,785 L]) can be
ne on January 20 first alerted the healthsidered a risk factor, which confoundedprocessed. A disadvantage is the elution
tg- department, and the Centers for Diseasethe analyses, procedure. The cartridge filter was proc-
~ a Control was brought in. It was deter- The previous discussion demonstratesessed with 6 L of a 0.1 percent distilled

mined that the illness was widespreadthe uncertainty in assessing the risk ofwater solution* by backflushing, cutting
se throughout the community served by waterborne cryptosporidiosis. Infectious apart, and washing the filter. Thus, it
ed the public water system. Those indi-dose and virulence variation are illwas necessary to concentrate 6 L of the
"a- viduals consuming well water had statis-defined. Other transmission routes mayeluent to a pellet using centrifugation, in
"o- tically less illness than those consumingconceal the role water has played as thecontrast to approximately 300 mL when
as city.water. Cryptosporidium was iden-source of infection. The greatest un-using the membrane filter method.
:r- tiffed as the etiologic agent throughcertainty is the contribution of Crypto- The cartridge filter system used a
~,1- examination of diarrheal specimens.~sporidium to outbreaks of unknownsucrose (1.24 g/mL) flotation to clarify
~n The drinking water underwent conven-etiology or to unrecognized, unreportedthe sample. High recoveries were
~.h tional treatment (coagulation, sedimen-0utbreaks.. Considering the difficultiesachieved when 0.1 percent distilled water

ration, filtration, disinfection) and metwith epidemiologic studies, even duringsolution* and 1 percent sodium dodecyl
)y coliform (1 cfu/100 mL) and turbidityoutbreak situations thesedata probablysulfate’were used with the sample.
~y standards(lntu).Freechlorineresidualsshould not be used to establish theOocysts were detected on a glass slide (or
d. were as high as 1.5 mg/L at the treatmentsignificance of waterborne transmissionhemacytometer) using a monoclonal
e- plant. After extensive sampling, oocystsof Cryptosporidium. Perhaps. an alterna-antibody and epifluorescent microscopy.
o- were detected in the treated water33rive approach for the assessment of
re Little published information that docu- potential waterborne transmission is to    *Tween 80, J’.W. Baker Chemical Co.. Phillipsburg. NJ.
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Further development of the cartridgeEnvironmental occurrence water quality, or (3) contamina.tion of
filter system by Rose et a141 has includedof gryMosl~ori~fium in tho wostorn the waters. To account for this variation,
(1) decreasing the eluent volume to 2,700tin|ted Stat~s geometric means were calculated for
mL, (2) improving clarification using Until 1985,1ittle was known about thethese same samples by water types
sucrose at specific gravities of 1.24 andoccurrence of Cryptosporidium in the (Table 4). For raw and treated sewage,
1.17 g/mL, and (3) using a celluloseenvironment. Because this protozoan is91 percent of the samples were positive
nitrate filtration membrane in conjunc-an enteric pathogen found in feces, itfor Cryptosporidium, with average con-
tion with a monoclonal antibody forfollows that the oocysts may be’found incentrations of 28.4 and 17 oocysts/L,
oocyst detection. Microscopic counts can ’sewage and contaminated environments,respectively. The levels of oocysts de-
be used to calculate the numbers in theMusial et al4° estimated oocyst levelstected in reservoirs or lakes and in
equivalent volume passed through thebased on recoveries between 5 and 17/Lstreams or rivers were similar (0.91 and
membrane filter. This quantificationin secondarilytreatedsewage. Madoreet0.94 oocysts/L, respectively), with 75
may also be used to evaluate the effi-a145 investigated select wastewater facil-and 77 percent of the samples positive~
ciency of the methods in seeded experi-ities and surface waters, many receivingrespectively. The majority of these
ments. Recovery rates for Cryptosporid-wastes from dairy farms and beef-samples were receiving sewage effluents.

~, ium 6ocysts are influenced by the volumepackaging plants. Waters receiving agri- In addition, 14 drinking water samples
¯ ¯ sampled, oocyst levels, and, most im-cultural runoff from cattle pastures werewere collected (Table 4). Of the 10 filtered

portant, water quality. Large volumes,also tested. High concentrations ofsamples, no oocysts were detected in
low levels of oocysts, and poor wateroocysts were found in some sewagewaters receiving conventional treatment
quality (high turbidity, suspended solids, samples, averaging 5,180 oocysts/L in(coagulation, sedimentation, rapid sand
organic content) may decrease recoveries,raw sewage and 1,063 oocysts/L infiltration, disinfection). Oocysts were
Table 1 summarizes various methodtreated sewage. Surface waters varieddetected in one sample from drinking
efficiencies. Average recoveries rangedbetween 0.8 and 5,800 oocysts/L. Ongerthwater after treatment by direct filtration.
from 9.5 percent in river water39 to 59and Stibbss9 reported the presence ofBut the plant was not operating optimally
percent in tap water.41 Cryptosporidium in several rivers inbecause the mixers for the coagulants

Levels (or counts) of oocysts found in western Washington at levels between 2and ozonator were not functioning. One
water samples may be adjusted mathe-and 112 oocysts/L (estimated from re-of two samples collected from waters’
matically to reflect a more true concen-coveries). A summary of these reports isreceiving filtration without coagulation
tration based on recovery method effi-presented in Table 2. was positive for Cryptosporidiumoocysts.
ciencies. But this approach should be’ New information has come from moreLevels of oocysts in filtered drinking
used cautiously. Unless seeded recov-comprehensive investigations begun inwaters were low, averaging 0.001 "
cries are determined concurrently with1986 on waters throughout the westernoocysts/L(geometric mean). Twooffour
each sample tested, accurate determina-United States for the occurrence ofsamples of unfiltered, chlorinated drink-
tions cannot be made. Recoveries varyCryptosporidium. Samples were collecteding water were positive for Cryptosporid-
even under controlled laboratory condi-using the cartridge filtration method,ium. Again, low levels were detected
tions, and characteristics of the waterFilters were shipped to Arizona and(0.006 oocysts/L).
sample at the time of collection willprocessed using the methods previously Surface drinking water supplies in
influence this recovery rate. described.4~ All data are reported at thetwo distinct areas were sampled and

In addition to poor recoveries, thelevels observed in the samples withouttested for Cryptosporidium, Giardia, total
current techniques have a number ofany adjustment because of recoverycoliform and fecal coliform bacteria, and
other limitations. Oocysts excreted fromefficiencies, turbidity. Six samples were collected
birds, which may not be infectious for Thus far, 107 samples have beenfrom one area, area A, which included
humans based on transmission studiesCollected from Arizona, California,four reservoirs and two rivers. These
between mammals and birds) may beColorado, Oregon, Texas, arid Utah.were multiuse reservoirs and were open
detected in some samples, depending onVarious waters w,ere sampled, includingfor recreational purposes. Three of the
.the antibody used. In all previouslyrawsewage, efflu~nts (activated sludge),waters were receiving effluent dis-
reported studies, no differentiation hasrivers, streams, lakes, and reservoirs,charges. Both waters were convention-
been made between bird or mammalianMany of the waters sampled, were re-ally treated prior to distribution.
oocysts.5~-~8 The most significant limita- ceiving treated sewage discharges. The Six samples were collected from rivers
tion is probably the inability to determineresults are summarized in Table 3. Ofin a second area, area B. These waters
oocyst viability. Viability of oocysts from the 107 samples, 77 percent were positivewere in protected watersheds, closed to
fecal samples has been assessed throughfor Cryptosporidium. Arithmetic meansany public use, and were treated solely
infection in a mouse model or through inwere calculated and ranged from 4.1 toby disinfection. Samples were collected
vitro excystation.~S,4~-~4~ Obviously, a1,732 oocysts/L in treated sewage andin October and November, at which time
bioassay system addresses infectivityfrom 0.04 to 18 oocysts/L in streams,,the weather was rainy in both areas A
but is expensive, less quantitative, andreservoirs, and lakes. Streams sampledand B.
variable based on host susceptibility andin Oregon and California had the lowest Table 5 contrasts area A with area B.
infectious dose. Excystation is the pro-levels of contamination (0.05 and 0.04Bacterial and turbidity concentrations
cess by which the oocyst opens up tooocysts/L, respectively), whereas waterswere consistently 10 to 300 times higher
release the sporozoites. This processsampled in Arizona and Utah were higherin samples collected in area A. Crypto-
may be induced in the laboratory. Ex-(18 and 19 oocysts/L, respectively). Thesporidium concentrations were also
cystation of an oocyst preparation may,higher concentrations were detected inhigher in area A, in which 100 percent of
however, decrease over time; the rela-surface waters receiving sewage dis-the samples were positive (averaging
t̄ionship between percent excystationcharges. 0.99 oocysts/L), in comparison with 83
and infectivity is undefined; and the A wide variation in oocyst concen-percent ofthesamplesinareaB, averag-
counting of sporozoites and full andtrations in the waters sampled wasing 0.02 oocysts/L. Waterfowl were found
empty oocysts may be imprecise. Appli-observed, with high levels detectedat all the reservoirs in area A, however,
cation of a bioassay or excystationoccasionally in individual samples. Thisand may have contributed to the con-
procedure for determining the viabilitymay reflect the variation in (1)collectiontamination. Only one sample was posi-
of oocysts recovered from environmentalof the grab samples, (2) recovery effi-tive for Giardia from each area. Concen-
samples is currently impractical, ciencies influenced by the changes intrations were 0.29 and 0.006 cysts/L for

56 RESEARCH AND TECHNOLOGY " JOURNAL AWWA

C--035227’
C-035227



of TABLE 5
3n, Levels of Cryptospor~dium, Giardia, bacteria, and turbidity in surface waters from areas A and B
for Total* Fecal*
)es Coli~orms Coli~orms Number Positive/ Cryptosporldium Number Positive/ Giardia
ge, Turbidity’ Per 100 mL Per 100 mL Number Collected Oocysts/L~" Number Collected Cysts/L~"
ire Area A 11.3 1,354 437 6/6 0.99 1/6 0.29 ¯
3n- Range 2-33 200-24,000 110-8,000 0.19-3.0 ’
/L, Area B 1.5 4.3 1.5 5/6 0.02 1/6 0.006. ¯
~le- Range 0.08-4 0-30 0-10 0.01-0.13

in *Geometric means
nd J-Arithmetic means

75 ¯
re, areas A and B, respectively. Crypto-Lion step. A survey of a drinking watersamples, it could be verY significant in
.~se sporidium oocysts were detected moretreatment plant employing filtration re-environmental samples. Nevertheless,.
ts. frequently and at higher concentrationsported a large number of oocysts recov-infection was obtained in mice after 18 h
les than Giardia. ered off the filter backflush (2,906/L).46exposure to undiluted bleach. Bacterial
¯ ed The poorer quality water in area A isThis indicates that Cryptosporidium will pathogens under similar conditions were
in reflected by the levels of bacteria, tur-be concentratedon the filter. Comparisonreadily destroyed. Although oocyst
.~nt bidity, and parasites. No statisticalof oocyst levels in the source water tocounts in this study were only slightly
nd evaluations have been made because ofthose in the finished water indicated adecreased after 18 h, the counting ac-
ute the limited number of samples. It is,91 percent reduction.These conclusionscuracy was .not determined and no at-
ng therefore, uncertain whether bacterialshould be viewed cautiously because thetempts were made to distinguish empty
9n. indicators or turbidity would be useful data are limited and are not temporal,and full oocysts. Cryptosporidium may
lly surrogates for the parasites. Also, both the wastewater and drinkingbe extremely resistant to disinfection, ¯
~ts The results presented on the inves-water filtrationsystems were sand filtersbut no assessment can be made on its
,ne . tigation of waters in the western Unitedand were utilized without the addition ofresistance or susceptibility to water
.~rs States suggest that Cryptosporidium is coagulants or polymers. A major out-disinfectants until the experimental data
on ubiquitous in the water environment,break of Cryptosporidium was, however,on oocyst inactivation by failure toexcyst
ts.’ Concentrations may vary 3 to 4 log-associated with a conventional rapidor infect under controlled water disin-
ng arithms, depending on the types ofsand filtration plant that produced waterfection conditions are reviewed. It may
01 wastes entering the water. CryptosPor-meeting coliform and turbidity stan-be stated that under conditions such as
,ur idium can be found in source watersdards,a Various deficiencies may havethose observed during the outbreak in
ak- used for potable supplies and has occa-been involved in the plant’s failure toCarrollton, Ga., oocysts were able to

ied~
sionally been detected in treated drinkingremove the oocysts. These included nosurvive routine disinfection practices,
water. The significance of these findingsmechanical agitation during the floccu-whhreas coliform bacteria were not.
is twofold: (1) drinking water treatmentlation process and restarting filters

in plants may be challenged with varyingwithout backwashing. Regardless of thePotential for waterbornetransmission

ad concentrations of Cryptosporidium operational problems, the plant wasof Cryptosporidium

d
oocysts in the source water, and (2)meeting current regulations. It may be There isnodoubtthat Cryptosporidium
treatment processes should ensure ade-that turbidity or coliform bacteria arehas the attributes of a waterborne

ed quate removal or inactivation of thisnot adequate indicators for Cryptospor-pathogen. Yet the role water plays in its
ed’ potential pathogen, idium. Currently, removal efficienciestransmission is difficult to determine.
se Removal of Cryptosporidium

of oocysts by, various types of filtration Although methods have evolved to
en are unknown. Operational variables thatstudy the occurrence of Cryptosporidium
he .~-

by water treatment processes ~          may influence oocyst breakthrough or in water, recovery inefficiencies and an
is- ~. Water treatment plays a significantsurrogate indicators for efficient re-inability to determine viability are major
n- :~ £ole in the prevention of waterbornemovals are undefined, limitations. The survival of oocysts in

:: disease. It has long been recognized,The efficacy of water disinfection isthe environment and removals or in-
rs i~i~

however, that Giardia cysts are morealso unknown for Cryptosporidium. A activation by sewage- and drinking-
.rs -~. resistant to disinfection than are bacteriafew investigations have reported on thewater-treatment processes are unknown.
to ~. or viruses. Therefore, in addition toeffectiveness of a number of disinfectantsInfectious dose and virulence variation
ly ~ disinfection, filtration has been recom-used in the laboratory.¢s-s° Only oneare also undefined. Despite these limita-
ed ¯ mended to ensure removal of parasitestudy included sodium hypochlorite, tions, it may be concluded that Crypto- "
ae : cysts. The oocysts of Cryptosporidiurn which has relevance to use in watersporidium can be commonly found in
A are smaller than the cysts of otherdisinfection.CampbelletalS°reportedonwater and highlevels of contamination

protozoa and are the smallest of thethe effectiveness of a 3 percent solutioncan occasionally occur. Water treatment
[3. coccidia, averaging4to5/zmindiameter,of sodium hypochlorite (undiluted operators currently have no basis for
~s ~ with a spherical or slightly ovoid shape.9bleach). Newborn mice were used toevaluating the adequacy of treatment
~r ~ Removal and inactivation efficienciesascertain oocyst viability. Oocysts in ratprocesses for removal of Cryptosporidium
~. forCryptosporidiumoocystsbyfiltration gut homogenates were mixed with an.oocysts.
~o and disinfection are unknown, as theseequal volume of the disinfectant and A recent review by Current7 concluded
~f investigations are just beginning. Pre-solutions were incubated at room tern-that: (1) the epidemiology and transmis-
~:g liminary data are available that suggestperature and 4°C for 2 and 18 h, respec-sion of Cryptosporidium are similar to
~3 the efficiency of some of these treatmentLively. The concentration of the disin-Giardia and (2) Cryptosporidium may
g. processes, fectant available initially and atthe endnow be included as a cause of human
d ::" Both secondary wastewater andof 2 or 18 h was not determined. It coulddiarrheal illness and, in some cases, is

¯ r, : wastewater after sand filtration havebe assumed that the gut homogenatethe most common protozoan identified.
~. been examined for the occurrence ofhad some chlorine demand. No quantita- The importance of waterborne giardi-
i- Cryptosporidium?~ Based on averagetive determinations of inactivation wereasis in the United States has been
~- numbers of oocysts, an 87 percent re-made. Although a 3- to 4-1ogarithm re-recognized dur!ngthelast decade. Based
~r moval could be estimated for the filtra-duction may not be significant in clinicalon environmental occurrence, the poten-
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